Although noradrenaline and adrenaline are some of the most important neurotransmitters in the central nervous system, the effects of noradrenergic/adrenergic modulation on the striatum have not been determined. In order to explore the effects of adrenergic receptor (AR) agonists on the striatal firing patterns, we used optogenetic methods which can induce continuous firings. We employed transgenic rats expressing channelrhodopsin-2 (ChR2) in neurons. The medium spiny neuron showed a slow rising depolarization during the 1-s long optogenetic striatal photostimulation and a residual potential with 8.6-s half-life decay after the photostimulation. As a result of the residual potential, five repetitive 1-sec long photostimulations with 20-s onset intervals cumulatively increased the number of spikes. This 'firing increment', possibly relating to the timing control function of the striatum, was used to evaluate the AR modulation. The ␤-AR agonist isoproterenol decreased the firing increment between the 1st and 5th stimulation cycles, while the ␣ 1 -AR agonist phenylephrine enhanced the firing increment. Isoproterenol and adrenaline increased the early phase (0-0.5 s of the photostimulation) firing response. This adrenergic modulation was inhibited by the ␤-antagonist propranolol. Conversely, phenylephrine and noradrenaline reduced the early phase response. ␤-ARs and ␣ 1 -ARs work in opposition controlling the striatal firing initiation and the firing increment.
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Introduction
Noradrenaline and adrenaline are some of the most important neurotransmitters in the nervous system. However, the effects of noradrenergic/adrenergic modulation on the striatum have not been explored due to a lack of evidence of direct noradrenergic/adrenergic neuron projections into the striatum (Baldo et al., 2003; Berridge and Waterhouse, 2003; Berridge et al., 1997; Jones and Yang, 1985; Swanson and Hartman, 1975) . Nonetheless, the presence of noradrenaline in the striatum is firmly established. Striatal noradrenaline levels in freely moving rodents immediately increase responding to unconditioned stimuli (handling and novelty) (Cenci et al., 1992; Ihalainen et al., 1999) and repetitive locus coeruleus (LC) electrical stimulations (Devoto et al., 2005) .
